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S U M M A R Y
In  th i s  t hes i s  a  number  o f  p resen t  day  ava i l -
ab le  ab - i n i t i o  t echn iques  have  been  app l i ed  t o  t he
ra re  ea r th ,  as  f r ee  i ons  and  i n  a  mo lecu la r  comp lex .
I t  has  been  the  rn ten t i on  f r om the  ve ry  s ta r t  on ,  t o
eva lua te  d i f f e rences  be tween  the  pu re l y  re la t i v i s t i c
a n d  n o n - r e l a t i v i s t i c  a p p r o a c h e s .  T h e  a v a i l a b i l i t y  o f
numer ical  methods to sofve the Hart ree-Fock and.  Fock-
D i rac  equa t i ons  fo r  a tom ic  sys tems  makes  such  compar -
i t i ve  s tud ies  a t  t he  same leve l  o f  soph i s t i ca t i on
v e r y  w e l l  p o s s i b l e .  H o w e v e r ,  f o r  m o l e c u l e s  t h e  s t a t e
o f  t he  a r t  i n  compu ta t i ona l  t echn iques  i s  f a r  more
deve loped  w i th in  a  non - re l -a t i v i s t i c  f r amework .  The
compar i son  be tween  the  re la t i v i s t i c  and  non - re la t i v -
r s c i c  d e s c r i p t i o n s  o f  t h e  c h e m i s t r y  o f  t h e  r a r e
ea r ths  has  necessa r . i l y  been  1 i -m i t t ed  t o  t . he  app l i ca -
t - i n n  o f  t . h o  c r \ / S t a I  f i e l _ d  t h e O r v  f o  4 f  s h e l l -  I r r  t h e
nea r  f u tu re  mo lecu la r  Fock -D i rac  p roq rams  w i l i  be
used .  By  tha t  t ime  the  d i scuss ions  abou t  t he  use  o f
v a r i a t i o n a l  r e l a t i v i s t i c  t h e o r y  o r  n o n - r e l a t i v i s t i - c
pe r tu rba t j - on  me thods  i n  mo lecu l -a r  ca l cu la t i ons  can
c o n t i n u e .
fn  Chap te r  f I  a  sho r t  r ev iew  was  g i ven  o f  t he
r e l a t i v i s t i c  t h e o r i e s  t o  b e  u s e d .  A t  c e r t a i n  s t a g e s
the  s im i l a r i t y  i n  ac tua l  f o rm  o r  i n  me thodo l -og l ca l
a s p e c t s  b e t w e e n  t h e  r e l a t i v i s t i c  a n d  n o n - r e l - a t i v i s t i c
m e t h o d s  h a s  b e e n  i n d i c a t e d .  T h e  s p i n - o r b i t  c o u p l l n g
c o n s t a n t  C  a n d  i t s  c a l c u l a t i o n  a c c o r d i n g  t o  v a r i o u s






























Chapter  f I I  was devoted to the "average of  con-
f igurat ion"  formal ism, f requent ly  encountered in at -
om ic  ca l cu la t i ons .  The  re la t i ons  w i th  expe r imen ta l
proced.ures and the val id i ty  of  i ts  use in  theoret ica l
ca l cu l -a t i ons  have  been  examined .  The  imp l i ca t i ons  o f
the average of  conf igurat ion calculat ions on the
coupl ing scheme of  Fock-Dirac atomic wave-funct ions
have  been  i nves t i ga ted .  Th i s  was  done  by  ca l cu la t i ng
Land6  fac to rs  based  on  re la t i - v i s t i c  wave - func t i ons .
The  theo re t i ca l  bas i s  f o r  t he  ca l cu la t i ons  was  g i ven .
I t  has  been  shown  tha t  t he  Land6  fac to rs  ca l - cu la ted
w i th  re la t i v i s t i c  ave rage  o f  con f i gu ra t i on  wave - func -
t ions are in  good agreement  wi th exper j -menta l1y ob-
se rved  va lues .
Gauss ian  bas i s  se t s  have  been  op t im ized  fo r  t he
t r i va len t  and  ne r r t r a l  r a re  ea r th  a toms .  Tn  Chap te r  IV
these  have  been  p resen ted  and  the i r  p rope r t i es  have
been  compared  w i th  quan t i t i es  ca l cu la ted  w i th  a  numer -
i ca l -  Ha r t ree -Fock  p rog ram.  The  desc r i p t i on  o f  t he
wave-funct ions in  the region of  space that  is  of  i -m-
po r tance  fo r  chemica l  bond ing  i s  ve ry  accu ra te .
A thorough invest igat ion of  the chemical  bond
and  op t i ca l  t r ans i t i ons  i n  ra re  ea r th  compounds  has
been  unde r taken .  The  f i r s t  r esu l t s  a re  p resen ted  i n
Chap te r  V .  The  a tom ic  f o rma l i sm o f  ave rage  con f i gu ra -
t i on  ca l cu la t i ons  has  been  app l i ed  t o  and  ex tended
fo r  mo lecu la r  sys tems .  The  resu l t s  have  shown  tha t
a t  t he  one  hand  the  4 f  e l ec t rons  i n  t he  comp lex  unde r
i nves t i - ga t i on  we re  h igh l y  l oca l i zed  on  the  cen t ra l
l an than ide  i on .  On  the  o the r  hand  the  c rys ta l  f i e l d
model ,  i -n t roduced in order  to account  for  the lower
symmet ry  w i t h  respec t  t o  t he  f r ee  i - on  s i t ua t i on ,  d id
n o t  p r o d u c e s  s a t i s f a c t o r y  r e s u l - t s .
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In Chapter VI we have analysed the relat ion be-
tween MO theory and the crystal  f ie ld model.  The lat-
te r  i s  used to  t race  poss ib le  d i f fe rences  in  the  way
re l -a t i v is t i c  wave- func t ions  behave in  mo lecu la r  sys-
tems,  compared to  non- re la t i v is t i c  wave- func t ions .
The ca lcu la ted  mul t ip le t  d is tances  in  the  re la t i v -
ist ic scheme l j -e closer to the experimental  val-ues
than the  non- re la t i v is t i ca l l y  ca lcu la ted  numbers .  I t
seems advantageous to  incLude re la t i v is t i c  e f fec ts
in a non-relat iv ist ic f ramework in order to be able
to  ob ta in  a  more  cor rec t  o rb i ta l  fo rm.
Four appendices have been grouped together in
Chapter VII .  The deal with some of the computat ional
techn iques  used in  the  ca lcu la t ions .  The ca lcu la t ion
of  the  Made lung po ten t ia l  in  ion ic  c rys ta ls  i s  shor t -
l y  t rea ted .  The re la t i v is t i c  c rys ta l  f ie ld  fo rmufae
have been derived.
